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LQ DHURVSDFH DLUFUDIW DQG DXWRPRWLYH DSSOLFDWLRQV GXH WR WKHLU H[WUDRUGLQDU\ VWUHQJWK WR ZHLJKW UDWLR ZLWK WKHLU
UHVLVWDQFHSURSHUWLHVLQDGYHUVHHQYLURQPHQWV)ULFWLRQVWLUZHOGLQJ)6:SURFHVVLVDVROLGVWDWHMRLQLQJWHFKQLTXH
FRQVLGHUHG WR EH WKH VLJQLILFDQW GHYHORSPHQW RYHU WKH SDVW WZR GHFDGHVZKLFKZDV LQYHQWHG DQG YDOLGDWHG DW WKH


















GXH WR QRPHOWLQJ51DQGDQ HW DO UHIHUUHG WKHPDWHULDO IORZPHFKDQLVP LQ )6:ZLWK WKH GRPLQDQW SDUDPHWHUV
URWDWLRQDOVSHHGZHOGLQJVSHHGDQGD[LDOIRUFH 1DQGDQHWDO7KHUHDUHWZRGLIIHUHQWPRGHVRIPDWHULDOIORZ




NH\ IDFWRUV WKDWGHWHUPLQH WKHTXDOLW\RI WKH IDEULFDWHG MRLQW$GMXVWLQJ WKHYDOXHVRIGLIIHUHQWSDUDPHWHUVVXFKDV
ZHOGLQJVSHHGURWDWLRQDOVSHHGWLOWDQJOHDQGSLQJHRPHWU\FRXOGORZHUWKHIRUFHVH[HUWHGIURPWKH70$=VHFWLRQ
WR WKH WRRO7KHSODVWLF IORZ LV UHVSRQVLEOH IRU REWDLQLQJ DZHOGZLWK KLJK WHQVLOH VWUHQJWK DQG IHZHU GHIHFWV DQG
WKHUHIRUHWKHWRROJHRPHWU\SOD\VDQLPSRUWDQWUROHLQDFKLHYLQJDKLJKTXDOLW\ZHOG/DNVKPLQDUD\DQDQHWDO 
UHIHUUHGRXWRIWKHWKUHHZHOGHGMRLQWVWKHMRLQWVIDEULFDWHGE\)6:SURFHVVH[KLELWHGKLJKHUVWUHQJWKYDOXHVDQGWKH
HQKDQFHPHQW LQ VWUHQJWK YDOXH LV DSSUR[LPDWHO\  FRPSDUHG WR*0$: MRLQWV DQG FRPSDUHG WR*7$:
MRLQWV %DKHPPDWHWDO  LQYHVWLJDWHVWKHPHFKDQLFDO PLFUR DQGPDFURVWUXFWXUDOFKDUDFWHULVWLFVRIWKHIULFWLRQ
VWLU ZHOGHG GLVVLPLODU MRLQWV RI $$7 DQG $$7 DOOR\V 7KLV UHVHDUFK UHYHDOV WKDW WKHUH DUH VHYHUH
GHIHFWVLQWKHMRLQWIDEULFDWHGDWDZHOGLQJVSHHGRIPPPLQ,QDGGLWLRQVRPHVPDOOGHIHFWVDUHIRXQGDWKLJKHU
PDJQLILFDWLRQLQWKHMRLQWVPDGHDWDVSHHGRIPPPLQ0DQ\VWXGLHVKDYHEHHQFRQGXFWHGWRFKDUDFWHUL]HWKH
UHVXOWLQJPLFURVWUXFWXUHLQZHOGVHVSHFLDOO\ LQGLVVLPLODUDOXPLQLXPDOOR\V 6RPH UHVHDUFKHUVVWXGLHGDQGUHSRUWHG
WKHEDVHPDWHULDOVPLFURVWUXFWXUHDQGLWV SURSHUWLHV 0DQ\UHVHDUFKHUVVWXGLHGDQGUHSRUWHGWKLVWZRPHWKRGV DQGLWV
VLJQLILFDQFHUHODWHG WRPXOWLSOH UHVSRQVHV 7KHDLPRI WKLVSDSHU LV WRSUHVHQWDQGUHSRUWDQRYHODSSURDFK IRU WKH
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RSWLPL]DWLRQRIZHOGLQJSDUDPHWHUVRQGLVVLPLODUIULFWLRQVWLUZHOGHGMRLQWVEHWZHHQ$$7DQG$$7




$OXPLQLXPDOOR\VRI$$7 DQG$$7 DUH VHOHFWHG IRU WR IDEULFDWHGLVVLPLODU MRLQWV XVLQJ WKH
)6:SURFHVVZKHUH7KHDWWUHDWPHQWFRQVLVWVRIVROXWLRQKHDWWUHDWHGVWUHWFKHGDQGDUWLILFLDOO\DJHG 7KH)6:
PDFKLQH +\GUDXOLFSRZHUSDFNPRWRURIN:9ZLWKUSPPD[LPXPURWDWLRQDOVSHHGPPPLQDV
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%DKHPPDW HW DO 7UDLO H[SHULPHQWV DUH FRQGXFWHG WR GHWHUPLQH WKH ZRUNLQJ DQG IHDVLEOH UDQJH RI SURFHVV
SDUDPHWHUV $IWHU WKH ZHOGLQJ WKH WUDQVYHUVH WHQVLOH VSHFLPHQV DUH SUHSDUHG ZLWK UHIHUHQFH WR $670 (0
VWDQGDUG 7KHURRPWHPSHUDWXUH WHQVLOH WHVWZDVFDUULHGRXWZLWKUHIHUHQFH WR$670'0 DWDFURVVKHDG
VSHHGRIPPPLQ XVLQJDFRPSXWHUFRQWUROOHGWHVWLQJPDFKLQH$VVRFLDWHG6FLHQWLILF(QJJ:RUNV1HZ'HOKL
%DVHDOOR\V $O 6L )H &X 0Q 0J &U 1L =Q 7L
7          
7      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DQG WKHLU XOWLPDWH WHQVLOH VWUHQJWK DUHPHDVXUHG IURP WKH DYHUDJHVRI WKH WKUHH VSHFLPHQV 7KH DVVLJQPHQWRI WKH
OHYHOVWRWKHIDFWRUVDQGWKHYDULRXVSDUDPHWHUVXVHGDUHJLYHQLQ7DEOH 7DJXFKL¶V/ RUWKRJRQDODUUD\ZDVXVHGWR
GHVLJQ WKH H[SHULPHQWV ZLWK WKUHH IDFWRUV DQG WKUHH OHYHOV ([SHULPHQWV ZHUH FRQGXFWHG EDVHG RQ WKH 7DJXFKL¶V
PHWKRGZKLFKLVDSRZHUIXOWRROXVHGLQGHVLJQRIH[SHULPHQWV 7DJXFKLDGYRFDWHVXVHRIRUWKRJRQDODUUD\GHVLJQV
WRDVVLJQWKHIDFWRUVFKRVHQIRUWKHH[SHULPHQW7KHDGYDQWDJHRI7DJXFKLPHWKRGLVWKDWLWXVHVDVSHFLDOGHVLJQRI
RUWKRJRQDODUUD\V WR VWXG\ WKHHQWLUHSDUDPHWHU VSDFHZLWKRQO\D VPDOO QXPEHURIH[SHULPHQWV&RPSDUHG WR WKH
FRQYHQWLRQDO DSSURDFK RI H[SHULPHQWDWLRQ WKLV PHWKRG UHGXFHV GUDVWLFDOO\ WKH QXPEHU RI H[SHULPHQWV WKDW DUH
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DQGWKH$$DOOR\ZDV LQ WKH $6KDUGQHVVZDVPHDVXUHGWRZDUGVOHIW$$VLGHDQGIURPFHQWHUWRULJKW
$$VLGH7KH6WLUUHG]RQHKDVKLJKHUKDUGQHVVFRPSDUHGZLWK WKH+$=DQG70$=EHFDXVHRI WKHVPDOOHU
JUDLQVL]HDWWKLV]RQH7KHKLJKHUKDUGQHVVLVREVHUYHGZKHQWKHIUDFWXUHORFDWLRQLVDWWKHERG\RIWKHEDVHPHWDORU
DW WKH+$=ZKLFKKDV ORZHUKDUGQHVV LQFRPSDULVRQZLWK WKH VWLUUHG]RQH7KHIUDFWXUH ORFDWLRQRIDOO WKHDERYH
WKUHH MRLQWVZDV LQ WKH+$=RI$$ VLGH GXH WR ORZHU KDUGQHVV YDOXH7KH IUDFWXUHPHFKDQLVP RI WKHVH WZR
61R 2SHUDWLQJSDUDPHWHU 6\PERO 8QLW /HYHOV
/RZ 0HGLXP +LJK
 7RROURWDWLRQDOVSHHG $ USP   
 :HOGLQJVSHHG % PPPLQ   
 7RROSLQSURILOH &  66 7&7 767
2422   S. Ravikumar et al. /  Procedia Materials Science  5 ( 2014 )  2418 – 2426 
DOOR\VLVGLPSOHIUDFWXUH7KHFKDQJHRIPLFURKDUGQHVVDW WKH70$=+$=LQWHUIDFHRQWKH$$7VLGHLV
VPRRWKHUWKDQIRU$$7$OVRLWZDVREVHUYHGWKHKDUGQHVVGLVWULEXWLRQLQWKH+$=DQG70$=LQWKH
7 VLGH IRU DOO WKH ZHOGLQJ VSHHGV LV VDPH LUUHVSHFWLYH RI URWDWLRQDO VSHHGV ZKHUHDV WKLV YDULDWLRQ ZDV PXFK
KLJKHULQWKH7VLGH7KLVPD\EHGXHWRWKHWKHUPDOF\FOHLQWKH+$=RIWKHZHOGZKLFKLVPRUHLQIOXHQFHG
GXHWRRYHUDJLQJRIVWUHQJWKHQLQJSUHFLSLWDWLRQVRI $$7WKDQLQ$$77KHVORSHRIWKHKDUGQHVV




,W LV REVHUYHG WKDW RI DOO WKH ZHOGHG SODWHV WKH SODWH ZHOGHG ZLWK USP WRRO URWDWLRQDO VSHHG PPPLQ
ZHOGLQJVSHHG DQG7&7WRROVKRZVEHWWHUPLFURKDUGQHVVYDOXHDWWKH6=DQGKLJKHUWHQVLOHVWUHQJWK,WLVREVHUYHG
WKDWPRVWRIWKHVSHFLPHQVIDLOHGLQWKH+$=UHJLRQRIWKH$$VLGHDQGDIHZRIWKHPIDLOHGLQ6=UHJLRQ7KH
MRLQWV IDEULFDWHG ZLWK USP WRRO URWDWLRQDO VSHHG PPPLQ ZHOGLQJ VSHHG DQG 767 WRRO VKRZHG ORZ WHQVLOH
VWUHQJWK7HQVLOHVWUHQJWKLQFUHDVHVZLWKLQFUHDVHLQURWDWLRQDOVSHHGXSWRUSPDIWHUWKDWLWGHFUHDVHV7KHWHQVLOH
VWUHQJWKILUVWLQFUHDVHVWRDPD[LPXPYDOXHDQGDIWHUZDUGVVKRZD GHFUHDVHZLWKLQFUHDVLQJWKHURWDWLRQDOVSHHGDWD
JLYHQZHOGLQJ VSHHGRU WRROSLQSURILOH RI WKH IULFWLRQ VWLUZHOGHG MRLQWV*HQHUDOO\ WKH WHQVLOH VWUHQJWK LV SRRU DW
ORZHU URWDWLRQDO VSHHGV GXH WR LQDGHTXDWH WRRO VWLUULQJ DFWLRQ:LWK WKH LQFUHDVH RI URWDWLRQDO VSHHG IRU D FHUWDLQ









,Q DVVLJQPHQW RI ZHLJKWV PHWKRG WKH PXOWL ± UHVSRQVH SUREOHP LV FRQYHUWHG LQWR D VLQJOH UHVSRQVH SUREOHP




7KLV : LV WHUPHG0XOWL 5HVSRQVH3HUIRUPDQFH ,QGH[ 053,8VLQJ WKLV053, WKH SUREOHP LV VROYHG DV D
VLQJOH UHVSRQVH SUREOHP ,Q WKLV DSSURDFK WKH PDMRU LVVXH LV WKH PHWKRG RI GHWHUPLQLQJ WKH ZHLJKW IURP WKH
OLWHUDWXUHUHYLHZLQGLFDWHVWKDWVHYHUDODSSURDFKHVKDYHEHHQXVHGWRREWDLQ053,7KHIROORZLQJIDFWRUVDQGOHYHOV






1RWHWKDW :76  76گ76:+  +گ+
053,L  :<:<««:M<LM
:KHUH 053,L  053,RIWKHLWKWULDOH[SHULPHQW
:M  :HLJKWRIWKHMWK UHVSRQVHGHSHQGHQWYDULDEOH
<LM  2EVHUYHGGDWD RIWKHLWK WUDLO H[SHULPHQWXQGHUMWK UHVSRQVH 7KHZHLJKWDQG053,YDOXHVIRUDOOWKHWULDOV
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DUHJLYHQ LQ WKH 7DEOH  )URPHDFK OHYHO053,ZHLJKWHG VFRUH RSWLPDO OHYHO DUH LGHQWLILHGEDVHGRQPD[LPXP
053,YDOXH IURPWKH 7DEOH  ZKHUH $% DQG& DUH WKH RSWLPXPOHYHO RISURFHVVSDUDPHWHUV
7DEOH  :HLJKWVDQG053,YDOXHV RIDVVLJQPHQWRIZHLJKWDJHPHWKRG
7UDLOQR 7HQVLOHVWUHQJWK 76 +DUGQHVV + :76 :+ 053,
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1RWHWKDW :76  76گ76:+  +گ+
053,L  :<:<««:M<LM
:KHUH 053,L  053,RIWKHLWKWULDOH[SHULPHQW
:M  :HLJKWRIWKHMWK UHVSRQVHGHSHQGHQWYDULDEOH
<LM  2EVHUYHGGDWDRIWKHLWK WUDLO H[SHULPHQWXQGHUMWK UHVSRQVH 7KHZHLJKWDQG053,YDOXHVIRUDOOWKHWULDOV
DUHJLYHQ LQ WKH 7DEOH  )URPHDFK OHYHO053,ZHLJKWHG VFRUH RSWLPDO OHYHO DUH LGHQWLILHGEDVHGRQPD[LPXP
053,YDOXH IURPWKH 7DEOH  ZKHUH $% DQG& DUH WKH RSWLPXPOHYHO RISURFHVVSDUDPHWHUV




$   
%   
&   
 'DWDHQYHORSPHQWDQDO\VLVEDVHGUDQNLQJPHWKRG
'DWD HQYHORSPHQW DQDO\VLV UDQNLQJ '($5 DSSURDFK LV DQ HIIHFWLYH PHDQV RI RSWLPL]LQJ WKH PXOWLUHVSRQVH
SUREOHP,WLQFOXGHVDVHULHVRIVWHSVIURPWKHSURSRVHGDSSURDFKZKLFKDUHFDSDEOHRIGHFUHDVLQJXQFHUWDLQW\FDXVHG
E\HQJLQHHULQJMXGJHPHQWLQWKH7DJXFKLPHWKRGFRQFOXGLQJWKDWWKH'($5DSSURDFKLVPRUHSRZHUIXOIRUSUDFWLFDO
DSSOLFDWLRQV +XQJ ± &KDQJ DQG <DQ ± .ZDQJ  SURSRVHG D 'DWD (QYHORSPHQW $QDO\VLV EDVHG 5DQNLQJ
'($5PHWKRGIRURSWLPL]LQJPXOWLUHVSRQVH7DJXFKLH[SHULPHQW,QWKLVPHWKRGDVHWRIRULJLQDOUHVSRQVHVDUH
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PDSSHGLQWRDUDWLRZHLJKWHGVXPRIUHVSRQVHVZLWKODUJHU ± WKHEHWWHULVGLYLGHGE\WKHZHLJKWHGVXPRIUHVSRQVHV
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6WHS 'LYLGH WKHREVHUYHGGDWDRI ODUJHU ± WKHEHWWHU W\SHZLWKZHLJKWHGGDWDRIVPDOOHU ± WKHEHWWHU W\SHRU
QRUPDO ± WKHEHVWW\SH
6WHS7UHDWWKHYDOXHREWDLQHGLQ6WHSDV053,DQGREWDLQWKHVROXWLRQVKRZQLQ7DEOH
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7DEOH  2SWLPXP SURFHVVSDUDPHWHUV YDOXHRI$VVLJQPHQWRIZHLJKWDJH	'($UDQNLQJ PHWKRGV
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7KHZHLJKWDQG053,YDOXHV IRUDOO WKH WULDOVDUHJLYHQ LQ WKH7DEOH)URPHDFK OHYHO053,ZHLJKWHGVFRUH
RSWLPDOOHYHODUHLGHQWLILHGEDVHGRQPD[LPXP053,YDOXHIURPWKH7DEOHZKHUH$%DQG&DUHWKHRSWLPXP
OHYHO RI SURFHVV SDUDPHWHUV 7DEOH  VKRZV WKH FRPSDULVRQ RI RSWLPXP SURFHVV SDUDPHWHUV YDOXH IRU ERWK WKH
PHWKRGV7KHSUHGLFWHGFRPELQDWLRQVDUH$ USP% PPPLQDQG& 7&7IRUWRREWDLQPD[LPXP




5DQN EDVHG PHWKRG DQG FRPSDUHG ZLWK $VVLJQPHQW :HLJKWDJH PHWKRG E\ WKHLU RZQ SURFHGXUH XVLQJ )6:
H[SHULPHQWDOGDWD7KHVHPHWKRGVFDQEHXVHGWRSUHGLFWWKHZHOGLQJUHVSRQVHVZLWKLQWKHH[SHULPHQWDOGHVLJQ7KH
RSWLPXPSDUDPHWHUYDOXHVGHWHUPLQHGE\WKHWZRPHWKRGVDUHDOPRVWVDPHDQGLWLQGLFDWHVWKDWWKHSUHGLFWHGDQGWKH
H[SHULPHQWDOYDOXHVKDYHDJRRGFRUUHODWLRQ 7KHIULFWLRQ VWLUZHOGLQJSURFHVVXVHGVXFFHVVIXOO\ WR MRLQGLVVLPLODU
DOXPLQLXPDOOR\V$$DQG$$7HQVLOHVWUHQJWKRI03DDQGKDUGQHVVDV9+1ZHUHREWDLQHG
ZLWKWKHSURFHVVSDUDPHWHUFRPELQDWLRQUSPDVWRROURWDWLRQDOVSHHGPPPLQDVZHOGLQJVSHHGZLWK7&7







:HOGLQJ ,QWHUQDWLRQDO 3DWHQW $SSOLFDWLRQ 3&7*%3DWHQW
1DQGDQ 5 'HE5R\7%KDGHVKLD+.'+ 5HFHQWDGYDQFHV LQ IULFWLRQVWLUZHOGLQJ 3URFHVVZHOGPHQWVWUXFWXUHDQGSURSHUWLHV
3URJUHVV LQ0DWHULDO6FLHQFH 
5H\QROGV$3  0LFURVWUXFWXUHGHYHORSPHQW LQDOXPLQLXPDOOR\ IULFWLRQVWLUZHOGV ,Q0LVKUD56 0DKRQH\ 0: (G)ULFWLRQ6WLU
:HOGLQJDQG3URFHVVLQJ 0DWHULDOV 3DUN2KLR$60,QWHUQDWLRQDO
/DNVKPLQDUD\DQDQ $. %DODVXEUDPDQLDQ9 (ODQJRYDQ .  (IIHFWRIZHOGLQJSURFHVVHVRQWHQVLOHSURSHUWLHVRI$$DOXPLQLXP
DOOR\MRLQWV ,QWHUQDWLRQDO-RXUQDO$GYDQFH0DQXIDFWXULQJ 7HFKQRORJ\
&DYDOLHUH 3 'H 6DQWLV$ 3DQHOOD ) 6TXLOODFH$  (IIHFW RIZHOGLQJ SDUDPHWHUV RQPHFKDQLFDO DQGPLFURVWUXFWXUDO SURSHUWLHV RI
GLVVLPLODU$$± $$MRLQWVSURGXFHGE\IULFWLRQVWLUZHOGLQJ0DWHULDO 'HVLJQ ±
0RUHLUD36DQWRV77DYDUHV65LFKWHU99LODoD3'H&DVWUR3  0HFKDQLFDODQGPHWDOOXUJLFDOFKDUDFWHUL]DWLRQRI IULFWLRQVWLU
ZHOGLQJMRLQWVRI$$7ZLWK$$70DWHULDO 'HVLJQ ±
&DYDOLHUH 3 1RELOH 5 3DQHOOD): 6TXLOODFH$  0HFKDQLFDODQGPLFUR VWUXFWXUDOEHKDYLRXU RI±DOXPLQLXPDOOR\VKHHWV
MRLQHGE\IULFWLRQVWLUZHOGLQJ ,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH ±





%¡UYLN 7 $XQHKDXJHQ + +RSSHUVWDG 26  ,PSDFWEHKDYLRXURIWKHKLJKVWUHQJWKDOXPLQLXPDOOR\$$7 '<0$7±
('36FLHQFHV'2,G\PDW
-DKDQVKDKORR *5 +RVVHLQ]DGHK/RWIL ) 6DQHL 0 )DOODK -HORGDU 0  5HYLHZ RI5DQNLQJ0RGHOV LQ'DWD(QYHORSPHQW$QDO\VLV
$SSOLHG0DWKHPDWLFDO6FLHQFHV 9RO  
2OHJ*URG]HYLFK 2OHNVDQGU5RPDQNR  1RUPDOL]DWLRQ DQG2WKHU7RSLFV LQ0XOWL 2EMHFWLYH2SWLPL]DWLRQ 3URFHHGLQJV RI WKH )LHOGV±
0,7$&6 ,QGXVWULDO3UREOHPV :RUNVKRS
&KDPHV $&RRSHU ::/HZLQ $ 6HLIRUG /  'DWD(QYHORSPHQW$QDO\VLV 7KHRU\0HWKRGRORJ\DQG$SSOLFDWLRQ .OXZHU $FDGHPLF
3XEOLVKHUV%RVWRQ
7KDQDVVRXOLV (  ,QWURGXFWLRQWRWKH7KHRU\DQG$SSOLFDWLRQRI'DWD(QYHORSPHQW$QDO\VLV $IRXQGDWLRQWH[WZLWKLQWHJUDWHGVRIWZDUH
'RUGUHFKW.OXZHU$FDGHPLF3XEOLVKHUV
5LWD0DUNRYLWV 6RPRJ\L  5DQNLQJHIILFLHQWDQGLQHIILFLHQWGHFLVLRQPDNLQJXQLWVLQGDWDHQYHORSPHQWDQDO\VLV ,QWHUQDWLRQDO-RXUQDOIRU
7UDIILFDQG7UDQVSRUW (QJLQHHULQJ  
6DDWL60=DUDIDW$QJL]0/0HPDULDQL $ -DKDQVKDKORR *5 $0RGHOIRU5DQNLQJ'HFLVLRQ0DNLQJ8QLWVLQ'DWD(QYHORSPHQW$QDO\VLV
2426   S. Ravikumar et al. /  Procedia Materials Science  5 ( 2014 )  2418 – 2426 
5LFHUFD2SHUDWLYDYR 
=DUDIDW $ / -DKDQVKDKORR 0* 6DDWL 6 0  $1RWH RQ $QGHUVHQ3HWHUVHQ0RGHO IRU 5DQNLQJ'HFLVLRQ0DNLQJ 8QLWV LQ '($
-RXUQDORI6FLHQFH,VODPLF$DDG8QLLQSHUVLDQ9RO
+RVVHLQ]DGHK/RWIL ) -DKDQVKDKORR *5 .KRGDEDNKVKL 0 5RVWDP\0DONKOLIHK 0 0RJKDGGDV = 9DH]*KDVHPL 0  $5HYLHZ
RI 5DQNLQJ 0RGHOV LQ 'DWD (QYHORSPHQW $QDO\VLV -RXUQDO RI $SSOLHG 0DWKHPDWLFV 9RO  $UWLFOH ,'   SDJHV
KWWSG[GRLRUJ
1LFROH $GOHU /HD )ULHGPDQ =LOOD 6LQXDQ\6WHUQ  5HYLHZ RI UDQNLQJ PHWKRGV LQ WKH GDWD HQYHORSPHQW DQDO\VLV FRQWH[W (XURSHDQ
-RXUQDORI2SHUDWLRQDO5HVHDUFK ±
-H\DSDXO 56KDKDEXGHHQ 3 .ULVKQDLDK . 4XDOLW\0DQDJHPHQW5HVHDUFKE\&RQVLGHULQJ0XOWL5HVSRQVH3UREOHPV LQ WKH7DJXFKL
0HWKRG ± D5HYLHZ ,QWHUQDWLRQDO -RXUQDO $GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\ 
